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[57] - ABSTRACT
The present invention is an induction motor control

- system which prevents an excessive induced voltage

across the thyristors providing DC braking control.
The amount of DC braking torque is controlled by the
time of application of the DC braking voltage to the
induction motor through a phase-control capacitor
which sets the time of firing the braking thyristors
within each half cycle of the AC voltage. In a first
embodiment the firing of all the braking thyristors is
inhibited upon application of the DC braking control
signal until the half cycle of the AC voltage associated
with a predetermined braking thyristor. In a second
embodiment the firmg of a predetermined braking thy-
ristor is inhibited during the half cycle of the AC volit-

‘age of the applicdtion of the DC braking control signal

and the next succeéding half cycle. In both embodi-
ments the brakiiig thyristors are fired during their asso-
ciated half cycle of the AC voltage thereafter to apply

a continuing DC braking voltage to the induction mo-
tor.

6 Claiis, 7 Drawing Figures
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~ INDUCTION MOTOR CONTROL SYSTEM
- BACKGROUND OF THE INVENTION

This'invenitib'h réfates‘ ‘tb_' an induction motor control 5
~1n FIG. 1; _-

system, and ‘more particularly to improvements in a
- control circuit including switching. elements such as
thyristors to control the DC braking torque produced
by an induction motor.

2

- FIG.2isa cirbuit diagram of conventional gate pulse

generators for controlling the firing of the thyristors
shown in FIG. 1; |

FIG. 3 is a graph illustrating voltage waveforms
developed at various points in the arrangement shown

- FIG. 4 is a circuit diagram of a gate pulse generator

- constructed in accordance with the principles of the

‘There are known induction motor control systems of 10

the type comprising bidirectional thyristors for control-

ling an induction motor while operating in the running

control mode and a rectifier circuit including at least

- one patr of unidirectional thyristors for controlling the
induction motor while operating in the DC braking
‘control mode. At the instant of changing from the run-

ning control mode to the DC braking control mode, the

induction motor produces an induced voltage there-

across and the unidirectional thyristors have addition-
ally and differentially applied thereacross the induced

‘voltage and the secondary voltage across the rectifier
transformer included in the rectifier circuit. As a result,

a high direct current flows through the induction motor
-whose current is abnormally high as compared with the
applied control signal for changing the operation of the
induction motor from the running control mode to the
DC braking control mode. This has consciously oc-
curred particularly when an induction motor being
operated in“the regenerative control mode is deceler-
ated-by changing to the DC braking control mode.

. Accordingly it is an object of the present invention to
provide an induction motor control system comprising
a new and improved control circuit means for control-
ling the'DC braking torque produced by an induction
motor- s0 as to suppress the abnormally high direct
current as above described to a magnitude which is

L

nearly zero. - -
' ' SUMMARY OF THE INVENTION

The present i_xi'vention "pr'_oyides an induction motor
control system comprising a source of AC voltage, an

induction motor, a rectifier circuit means including at

least-two braking thyristors and connected between the
source and the induction motor to control the DC brak-
ing: torque produced by the induction motor, a gate
pulse generation circuit means including a firing circuit

for firing the braking thyristors and responsive to a DC

braking control signal applied to-the firing circuit to
disable the braking thyristors to be fired upon initiating
the DC control of the induction motor and during the
half cycle of the voltage of the source in which the
control signal is applied to the firing circuit, and to
positively fire a predetermined one of the braking thy-
ristors in the first plate. . o

In a preferred modification of the present invention
the gate pulse generation circuit means may be respon-
sive to the DC braking control signal to disable the
remaining one of the braking thyristors to be fired dur-
ing both the half cycle of the source voltage as above
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described and the next succeeding half cycle thereof 60

and then alternately fire the braking thyristors. |
BRIEF DESCRIPTION OF THE DRAWINGS

The present invention will become more readily ap-
parent from the following detailed description taken in
conjunction with the accompanying drawings in which:

FIG. 1 is.a schematic circuit. diagram of a conven-
tional induction motor control system;

65

present invention to control the firing of the thyristors
for the DC braking control of the induction motor

- shown in FIG. 1:

FI1G. 5 is a graph illustrating voltage waveforms
developed at various points in the arrangement shown
n FIG. 4, = | | .

FIG. 6 is a diagram similar to FIG. 4 but illustrating
a modification of the present invention; and

FIG. 7 is a graph illustrating voltage waveforms

developed at various points in the arrangement shown
in FIG. 6. o

- DESCRIPTION OF THE PREFERRED
EMBODIMENTS =

Reterring now to the drawings in detail and FIG. 1 in
particular, there is illustrated a conventional induction
motor - control system. The arrangement illustrates a
three-phase induction motor 10 including three input
terminals u, v and w and a source of three-phase voltage
represented by its output terminals R, S and T. The
source terminal R is connected to the input terminal u of
the induction motor 10 through bidirectional thyristor
12, the source terminal S is connected to the input ter-
minal v through bidirectional thyristor 14 and the
source terminal J is connected to the input motor termi-
nal w without a thyristor interposed therebetween.

- The arrangement further comprises a rectifier trans-
former 16 including ‘a primary winding connected
across the source terminals S and T and a center-tapped
secondary winding. The secondary winding has a cen-
tral tap connected to the input terminal w of the induc-
tion motor 10 and two ends connected .to the input
motor terminal v through respective individual unidi-
rectional thyristors 18 and 20. The thyristors 18 and 20
include anode electrodes connected to the respective
ends of the secondary winding of the transformer 16
and respective cathode electrodes connected to the
input motor terminal v. o .

- The thyristors 12, 14, 18 and 20 include cathode and
gate terminals k and g suffixed with the reference nu-
merals designating the associated thyristors. For exam-
ple the thyristor 12 includes the cathode terminal ki,
and the thyristor 18 includes the gate terminal 218 B

The transformer 16 forms a center-tapped rectifier
circuit with the unidirectional thyristors 18 and 20. The
rectifier circuit includes an input side connected across
the phase conductor interconnecting the terminals T
and w without a bidirectional thyristor interposed
therebetween and one of the remaining phase conduc-
tors, 1n this case, the phase conductor connecting the
source terminal S to the input motor terminal v through
the thyristor 14. The output is connected across the o
same conductors except that the thyristor 14 is inter-
posed therebetween. o | o

In FIG. 1 et seq the dot convention is used to define
the phase of the voltage developed across the associated
transformer winding. In FIG. 1 it is seen that the anode
electrode of the thyristor 18 is connected to that end of
the secondary transformer winding having an AC volt-
age in phase with the source voltage across the termi-
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nals S and T (this end is called hereinafter the first end),
~while that anode electrode of the thyristor 20 is con-
nected to the other end (hereinafter called the second
end). At the second end a voltage appears with the
polarity opposite from that of the source voltage.

FIG. 2 shows a conventional gate pulse generator for

controlling the firing of the thyristors 12, 14, 18 and 20
shown in FIG. 1. The arrangement 1illustrated includes
~ a gate pulse generation circuit generally designated by
the reference numeral 22 provided for the bidirectional
thyristor 12. | |

- The gate pulse generation circuit 22 comprises a full-
wave rectifier bridge 24 formed of semiconductor di-
odes including a pair of AC input terminals connected
across the secondary winding of a transformer 26 which
supplies a synchronous voltage to the circuit 22. That is,
the transformer 26 includes a primary winding con-

10

15

nected across the source terminals S and T. The recti-

fier bridge 22 also includes a pair of DC output termi-
nals one of which forms a negative terminal connected
to a terminal k17 and the other of which forms a positive
terminal connected to a resistor 28. Resistor 28 is con-
nected to the negative terminal of the rectifier bridge 22
through a Zener diode 30 and also to the anode elec-
trode of a semiconductor diode 32 whose cathode elec-
trode is connected to the negative rectifier terminal
‘through a capacitor 34.

In this way a source of DC voltage has been formed
for energizing the firing circuit for the thyristor 12 as
will be subsequently discribed.

The diode 32 is connected to a resistor 36 that is, in
turn, connected to the emitter electrode of a PNP tran-
sistor 38 which has a base electrode connected to a
resistor 40 and a collector electrode connected to the
negative rectifier terminal through a phase control ca-
pacitor 42. The collector electrode of the transistor 40 is
also connected to the emitter electrode of a unijunction
transistor 44 which has one base electrode connected to
the resistor 28 and the other base electrode connected to
the negative rectifier terminal through the primary
winding of a pulse transformer 46. The pulse trans-
former 46 includes a secondary winding connected at its
first end to the gate electrode of an amplifying thyristor
48 through a resistor 50. The thyristor 48 includes a

cathode electrode connected to both the terminal g2

and the second end of the secondary winding of the
pulse transformer 26 and an anode electrode connected
to the positive rectifier terminal through a resistor 52.
The resistor 40 is connected to a terminal A while the
junction of the diode 32 and the resistor 36 is connected
to a terminal C. The terminals A and C are called input
" terminals for running control. A running control signal
V1 is adapted to be applied across these terminals. The
terminal k1> is connected to the cathode terminal ki3 and
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the terminal g2 is connected to the gate terminal of g2

of the bidirectional thyrlstor 12 shown in FIG. 1.

. From the foregoing, it is seen that the components 36
 through 52 form a firing circuit for the thyristor 12.

'_ The pulse generation circuit for the thynistor 14 1s
~ identical to that for the thyristor 12 as above described
and is schematically designated by broken line block 22.
However a separate transformer 54 similar to the trans-
former 26 is provided and also energized through the
source terminals S and T. Also terminal kj41s connected
to the cathode terminal ki4 and the terminal g4 is con-
nected to the gate terminal g4 of the thyristor 14 shown
in FIG. 1 and a pair of running control input terminals

65

4

A and C are connected to the corresponding terminals
of the pulse generator circuit 22 for the thyristor 12.
A pulse generation circuit for the unidirectional thy-

- ristors 18 and 20 generally designated by the reference

numeral 56 is similar to that above described in conjunc-

tion with the thyristor 12 except in the following re-

spects: The pulse transformer 46 includes a pair of sec-
ondary windings similarly coupled to the thyristors 18
and 20 while the transformer 58 which is energized
from the source terminals S and T includes, in addition
to the secondary winding connected to the rectifier
bridge 24, a pair of secondary windings one connected
across terminals kg and gi1g and one connected across
terminals koo and gig through resistors 52 and thyristors
48. Then the terminals kg and gi1g or kyo and gyo are
connected to the cathode and gate terminals of the
respective thyristor 18 or 20. Further a pair of input
terminals B and C for DC braking control are substi-
tuted for the input terminals A and C for running con-
trol.. -

When a running control signal V is applied across
the input terminals A and C, common to both pulse
generation circuits 22, each pulse transformer 46 pro-
duces across the secondary winding a pulse having a
firing phase as determined by the signal V; in the well
known manner. The pulse causes each thyristor 48 to
become conducting resulting in the firing of the bidirec-
tional thyristors 12 and 14. This causes the source R-S-T
to supply to the induction motor 10 a three-phase volt-
age proportional to the firing angle of the thyristors 12

and 14. Thus the induction motor 10 produces a running

torque proportional to the square of the voltage applied
thereacross until the running torque balances the load
torque. At that time, the induction motor 10 has its
rotational speed controlled by the input signal V.

On the other hand, when a DC braking control signal

V2is applied across the input terminals B and C to bring

the induction motor 10 into the DC braking control
mode of operation, the rectifier circuit 16-18-20 is en-
abled to apply a DC voltage across the induction motor
10. Thus the induction motor 10 produces a DC braking
torque which can be, in turn, controlled by the input
signal V.

In this way the control circuit as shown in FIGS. 1
and 2 can readily control the running and braking
torques produced by the induction motor 10 in response
to the input signal Vjand V3 respectively. However it is
noted that the simultaneous application of the input
31gnals V1 and V; causes the formation of a shortcircuit
across the source. For example, the shortcircuit may be
traced from the source terminal T through the trans-
former 16, one of the unidirectional thyristor 18 or 20
and the bidirectional thyristor 14 to the source terminal
S. In order to avoid the formation of such a shortcircuit,

1t is required to necessarily switch from one to the other

of the signals Viand V2 /and then apply the switched signal across
the input terminals A and C or B and C as the case may be.

However it is noted that at the instant of changlng the
operation of the induction motor from the running con-
trol mode to the braking control mode, the induction
motor 10 has a voltage induced thereacross and that

“induced voltage and the secondary voltage across the

transformer 16 are additively applied across one of the
unidirectional thyristors 18 and 20 while being differen-
tially applied across the other thyristor. This has re-
sulted 1n the great disadvantage that the induction
motor 10 carries an abnormally large direct current as
compared with the braking control signal V;. The phe-
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nomenon just described has been consciously developed
particularly when the induction motor 10 operating in
‘the ‘regenerative breaking mode is decelerated by
changing it to the DC braking mode of operation: In the

 regenerative braking mode - of operation, the ‘source

voltage is applied to the induction motor 10 through the
_bidirectional thyristors 12 and 14 maintained fully fired.

This will now be in more detail described in conjunc-

tion with FIG. 3 wherein there are illustrated voltage
waveforms developed at various points in the arrange-
ment of FIG. 1. In FIG. 3 a waveform a illustrates the
- source voltage across the source terminals S and T

~while a voltage waveform b is developed across the
input terminals v and w to the induction motor 10. Solid
waveforms ¢ and d depict the voltages across the anode

- and cathode electrodes of the unidirectional thyristors

18 and 20 respectively and the dotted waveforms ¢ and

- 'd depict the voltages across the anode and cathode

electrodes of the thyristors 18 and 20 due to the trans-

- former 16. It is noted that the induction motor enters

- the DC braking control mode of operation at and after
‘time point tpand the waveforms b, ¢ and d appearing at

and after that time point describe the associated volt-

ages with the thyristors 18 and 20 maintained unfired.
~After time point tp gate voltages shown at waveforms
e and f are applied to the gate electrodes of the thy-
ristors 18 and 20 in synchronization with the secondary
~voltage across the transformer 16. The waveforms e
‘alternate with the waveforms f as will readily be under-
stood from dots denoted aside the secondary windings
of the transformers 16 and 46 (see FIGS. 1 and 2).
~~ The waveforms e and f are applied to the gate elec-
~ trodes of the thyristors 18 and 20 to fire them to cause

 aDC braking voltage (see waveform g, FIG. 3) to be

applied across the input terminals v and w to the induc-

o tion motor 10 in the absense of a voltage induced there-
- across and on the assumption that windings disposed on

the induction motor 10 have negligibly low induc-

- tances. However, when the induction motor 10 has an

induced voltage, the DC braking voltage across the

 input motor terminals v and w is becomes that shown at
. waveform h in FIG. 3.

After the induction motor 10 has entered the DC
-braking control mode of operation at time point tg, the

induced voltage across the induction motor 10 causes
- the phases of the voltages across the anode and cathode

electrodes of the unidirectional thyristors 18 and 20 to

be shifted from the phase of the secondary voltage
across the transformer 16 as shown at waveforms ¢ and

d in FIG. 3. Therefore the phase control of the thy-

ristors 18 and 20 is disabled with the result that an ab-
normally high braking torque is produced by the induc-
tion motor 10, as a result of a high DC voltage being
applied to the motor to permit the flow of abnormally
high DC braking current. o o
~ The present invention contemplates avoiding the
problem as described above by the provision of an in-
duction motor control system preventing the induction
motor from producing an abnormally high braking
torque upon changing from the runiing control mode

or regenerative braking control mode to the DC brak-

ing control mode of operation. .

- InFIG. 3 the waveform b developed at and after time
point tgdepicts the voltage induced across the induction
motor 10 with the unidirectional thyristors 18 and 20
maintained unifired. Once a sufficiently high magnitude
of the DC braking current has flowed through the in-
duction motor 10, the induced voltage thereacross

4,151,453
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6
abruptly. Accordingly, a voltage subsequently induced
across the motor has very small effect upon the system.
Further FIG. 3 illustrates the voltage waveforms on
the assumption that the unidirectional thyristor 18 is
first fired and then the other thyristor 20 is fired. As
seen from solid waveforms ¢ and d, the thyristor 20 has
applied thereacross the sum of the induced voltage

- across the inductioh motor 10 and the secondary volt-

age across the transformer 16 while the thyristor 18 has
the applied thereacross the difference between these
voltages. Assutning that the thyristor 20 has been first
fired to cause thé induced voltage across the inductor to
decay, the hatched portion of the voltage waveform h
shown in FIG. 3 is not applied across the induction
motor 10. Further assuming that, even with the thy-
ristor 20 first fired, the control signal V3 is applied
across the terminals B and C (see FIG. 2), for example,
at time point ty'(see FIG. 3) which is in a negative half
cycle of the source voltage, the thyristor 20 can be fired
only through a firing angle which is small compared
with the input control signal V. This is because in the
gate pulse generator 56 as shown in FIG. 2 the phase
control capacitor 42 is initiated to charge at time point
to'. As a result, the current does not sufficiently flow
through the induction motor 10 to insufficiently attenu-
ate the induced voltage thereacross. Consequently, the
shift of phase between each of the anode-to-cathode
voltages across the thyristors 18 and 20 and the second-
ary voltage across the transformer 16 remains intact in
the next succeeding half cycle of the source voltage, the
thyristor 18 is fully fired to permit a flow of abnormally
high DC braking current through the induction motor
10 in that half cycle thereof.

- With the abovementioned respects in view, the pres-
ent invention comprises a gate pulse generation circuit
for DC braking control thyristors operative to prevent
those thyristors such as the thyristors 18 and 20 from
being fired in that half cycle of the source voltage hav-
ing a control signal such as signal V3 applied to the
circuit at the beginning of the DC braking control mode
of operation. The the firing of the thyristors always
starts with that thyristor additionally supplied with the
voltage induced across the controlled induction motor
and the secondary voltage across the DC braking con-
trol transformer with a firing angle thereof proportional
to the DC braking control signal. This measure can
suppress the DC braking current flowing through the
induction motor to :a magnitude that is nearly zero
which current would otherwise amount to an abnor-
mally high magnitude because the phase control of the
other thyristor is disabled under the influence of a volit-
age induced across-the induction motor upon changing
it to the DC braking control mode of operation.

According to the principles of the present invention,
the gate pulse generation circuit is constructed into a
circuit configuration as shown in FIG. 4 wherein like
reference numerals designate components identical to
or similar to those illustrated in FIG. 2. The gate pulse
generation circuits for the bidirectional thyristors used
in the running control mode may be identical to those
shown by the reference numeral 22 in FIG. 2. The
arrangement illustrated in FIG. 4 is different from that
labelled 56 in FIG. 2 only in that in FIG. 4 a circuit for
determining a firing initiation phase is connected be-
tween the source of DC voltage and the firing circuit.

More specifically, a series combination of a capacitor
60 and a resistor 62 is connected between the diode 38
and the negative rectifier terminal through a resistor 64.




7
An NPN common: emitter transistor 66 has a collector
electrode connected to the capacitor 60 and a base elec-
~ trode connected. to a first end-of thé secondary winding
of the transformer 58 through a resistor 68. Thus a first
differentiator i1s formed to pass a portion V4 of the sec-
ondary voltage across the transformer 58 through the
resistor 68 and the transistor 66 to the capacitor 60 to
generate a train Vs of positive differentiated pulses al-
ternating with negative differentiated pulses across the
- resistor 62 one for each zero crossing. When the source

 voltage across the terminals S and T changes from its
positive to its negative magnitude through the voltage

zero, the differentiated pulse is positive, and vice versa.

The differentiator may be called hereinafter a dlfferentl-

ated pulse generator A. , | -
The resistor 62 is connected to a bistable multivibra-

tor-of well known construction including a pair of NPN

common emitter transistors 70 and 72 connected to
resistors, 74, 76, 78, 80 and 82, capacitors 84 and 86 and

a semiconductor diodes 88 in the manner as shown in

FIG. 4. Only the positive pulse Vs across the resistor 2
is supplied, as a reset pulse to the base electrode of the

transistor 72 through the diode 88 and a trigger pulse

from the primary winding of the pulse transformer 44 is
supplied to the resistor 82. |

- The transistor 72 includes a collector electrode con-
nected to a resistor 90 subsequently connected to the
second end of the secondary winding of the transformer
58 through serially connected resistors 92 and 94. The
- junction of the resistors 90 and 92 is connected to a base
electrode of an NPN common emitter transistor 96
which has a collector electrode that is connected to the
diode 38 through a resistor 98. The components 90
through 98 form a first “NOR” element having a pair of
inputs formed by the resistors 90 and. 94 and an output
formed of the collector electrode of the transistor 96. It
will be understood that an output V7 from the bistable

multivibrator or the collector electrode of the transistor.

72 is applied, as one input, to the resistor 90 and a half-
wave rectified voltage Vg developed during negative
half cycle of the source voltage serves as the other input
to the resistor 94. The “NOR” element provides a posi-
tive output Vyat the collector electrode of the transistor

96 only when both inputs are null. The first “NOR”

element may be called hereinafter “NOR?” circuit A.
- A pair of: input terminals B and C for DC braklng
control is connected to a series combination of a capaci-

tor 100, and resistors 102 and 104 forming a second

differentiator. The differentiator further includes a PNP
transistor 106 having a base and an emitter electrode

connected across the resistor 104, and a collector elec-

- trode connected to the resistor 108. The differentiator

differentiates the DC braking control signal V3 applied
across the input terminals B and C to deliver a differen-
tiated pulse from the resistor 108. The second differenti-
ator may be called hereinafter a differentiated pulse

generator circuit B. As in the arrangement 56 shown in

FIG. 2, the terminal B is also connected to the resistor
- 40 disposed in the firing circuit. . S
The collector electrode of the transistor 96 is con-
nected to a resistor 110 which is subsequently con-
nected to the-cathode electrode of thyristor 112. The

4,151,453
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connected to the junction of the collector electrode of
the transistor 38 and the capacitor 42 and thence to the
emitter electrode of the uni-junction transistor 44. In

- this way a second “NOR” element has been formed and
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may be called hereinafter “NOR” circuit B. The
“NOR” circuit B provides a null output Vg across the
base and emitter electrode of the transistor 114 only
when the output Vg at the collector electrode of the
transistor 96 is null and the thyristor 112 1s 1n its non-
conducting state.

The second NOR element includes an output circuit
formed of the transistor 114 and the resistor 116 to serve
as a circuit for shortcircuiting the phase control capaci-
tor 42. | -

From the foregoing it is seen that the arrangement of
FIG. 4 1s equivalent to the gate pulse generation circuit
56 as shown in FIG. 2 having inserted thereinto the
differentiated pulse generator circuit A, the bistable
multivibrator, and the NOR circuit A and B serially
interconnected in the named order and the differenti-
ated pulse generator circuit B connected to the NOR
circuit B. In other words, the gate pulse generation
circuit 56 shown in FIG. 2 has added thereto a circuit
for determining phases at which the associated thy-
ristors such as the thyristors 18 and 20 are initially fired.

The operation of the arrangement shown in FIG. 4
will now.be-described in conjunction with FIG. 5. In

- FIG. 5 waveform a depicts the source voltage across

30

35

45

“the source terminals S and T and waveform b illustrates

the DC braking control signal V;, with a negative mag-
nitude that is applied across the input terminals B and C
at time point to during a negative half cycle of the

“source voltage to change the operation of the induction

motor to the DC braking control mode. As described
above, the signal V3 is differentiated by the differenti-
ated pulse generator circuit B to form a derivative of
the signal . V3 which 1s designated by V3 and is shown by
waveform c of FIG. 5. The waveform c from the resis-
tor 108 is applied to the gate electrode of the thyristor
112 to turn it on with the half-wave rectified voltage
Vgbeing positive during in the negative half cycle of the
source voltage (note phase-defining convention dot on

‘the associated secondary winding of transformer 58 and

see waveform h, FIG. 5) and applied to the anode elec-
trode thereof. This turn-on of the thyristor renders the
voltage Vo (see waveform j, FIG. 5) at the base elec-
trode of the transistor 114 positive with respect to the
emitter electrode thereof to turn on the transistor 114

- thereby to shortcircuit the phase control capacitor 44

50

5

thyristor 112 includes an anode electrode connected to

the resistor 94 and a gate electrode connected to the
resistor 108. The cathode electrode of the thyristor 112

65

is also connected to the base electrode of an NPN com- -

mon emitter transistor 114 which has a collector elec--
trode connected to a resistor 116. The resistor 116 i1s:

through the resistor 116. This results in no pulse Vg
appearing at ‘the primary winding of the pulse trans-
former 44 (see waveform f, FIG. 5). Then time point t;

is reached ending the negative half cycle of the source

voltage and the anode voltage of the thyristor 112 be-
comes null to put that thyristor into its nonconducting
state but the NOR circuit A provides a positive voltage
Vio(see waveform j, FIG. 5) across the base and emitter
electrodes of the transistor 114. This is because before
time point t; no pulse transformer from the primary
winding of the pulse has been delivered to the bistable
multiplier to thereby maintain a null output V7 there-
from and accordingly a null input to the “NOR?” circuit
A, while the other input Vg thereto is null until time -
point t; where a positive half cycle of the source voltage

beginning at time point t; ends. Therefore the phase

control capacitor 42 remains shortcircuited by the con-
ducting transistor 114 through the resistor 116. As a
result, no pulse 1s developed across the primary winding
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the source voltage between the time points t; and t.
- However, as seen from waveform h, a positive volt-

‘age Vyis applied to the one input of the NOR circuit A
- during the next succeeding negative half cycle of the
source voltage between time points t; and t3. Thus the
NOR circuit A produces a null voltage Vo at the collec-
tor electrode of the transistor 96 (see waveform i, FIG.
- 5) while the thyristor 112 continues to be in its non-con-
- ducting state at and after time point t; where the anode-
to-cathode voltage thereacross has been made null. This
causes the turn-off of the transistor 114 to release the
phase control capacitor 42 from ground.

~Under these circumstances, the capacitor 40 is

- charged by the collector current through the transistor
- 38. This current is controlled by the control signal V' as
- shown at waveform k, in FIG. 5. This results in the
occurrence of a pulse Vg on the primary winding of the
-pulse transformer 44 at a phase of the source voltage as
determined by the control signal V3 (see waveform f,
FIG. 5). | - |
The pulse Vg is applied, as a trigger pulse, to the
bistable multivibrator (or the base electrode of the tran-
sistor 70) to trigger it to produce a positive voltage V7
at the collector electrode of the transistor 72 until time
point t4 is reached at the end of the next positive half
cycle of the source voltage. At that time point, the
differentiated pulse V¢ (see waveform f, FIG. 5) resets
~ the multivibrator to produce a null voltage therefrom as
shown at waveform g in FIG. 5. Thus the phase control
capacitor 40 is left just as it is released from ground in
the positive half cycle of the source voltage between
time points and t3 and t4 to permit a pulse Vg to appear
at the primary winding of the pulse transformer 46 at a
phase of the source voltage as determined by the con-
trol signal V; (see waveform f, FIG. 5). . |
- After time point t4 the process as above described is
repeated to cause the pulses Vg to continue to appear at

- the primary winding of the pulse transformer 46 as long

as the control signal V3 is applied across the input termi-
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of the pulse transformer 44 in the pbsitiv_e half cycle of
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control signal V across the input terminals B and C at
any phase of the source voltage is prevented from firing
the braking control thyristors 18 and 20 (see FIG. 1)
upon 1nitiating the DC braking control of the induction
motor in that half cycle of the source voltage in which
the control signal V; is applied across the input termi-
nals B and C. Then the pulse is developed on the pri-
mary winding of the pulse transformer 46 always start-
ing with the negative half cycle of the source voltage
following the application of the control signal. As a
result, it is ensured that the firing always starts with the

- thyristor 20 or that braking thyristor supplied with the
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sum of the secondary voltage across the transformer 16
or source voltage and the induced voltage across the
induction motor. |

From the foregoing it will be also understood that, in
order to control the DC braking torque produced by
induction motors, the present invention is operative to
disable firing of the DC braking thyristors upon initiat-
ing the DC braking control and during that half cycle of
the source voltage when a control signal is applied
across the pair of DC braking control terminals, while
the firing control of the thyristors is initiated at a phase
when the source voltage applied across the thyristors is
added to the induced voltage across the induction mo-
tor. This measure can suppress the abnormally high DC
braking torque which would be otherwise produced by
the induction motor under the influence of a voltage

- Induced thereacross to a magnitude that is nearly zero.
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~ From the foregoing it is seen that each time the pulse

Ve is developed on the primary winding of the pulse
transformer 44 in each half cycle of the source after the
negative half cycle thereof following the applied voit-
age, the secondary windings of pulse transformer 44
deliver trigger pulses opposite in polarity across the
gate and cathode electrodes of the associated thyristors
- 48 to fire the DC braking control thyristors 18 and 20
alternately with the result that the induction motor 10 is
operated in the DC braking control mode as determined
by the control signal V,.

- Assuming that the control signal V3 is applied across
the input terminals B and C in the positive half cycle of

the source voltage between time points t; and ty, the 55

differentiated pulse generator circuit B produces its
derivative V3 also between time points t; and t;. How-
ever, the thyristor 112 has a null voltage Vg across its
anode and cathode electrodes and is maintained in its
non-conducting state. Therefore it is seen that the ar-
rangement of FIG. 4 is operated in the same manner as
above described in conjunction with its operation per-
formed at and after time point t; so that the pulses Vgare
developed across the primary winding of the pulse
transformer 44 starting with the next negative half cycle
of the source voltage between time points t and t3.
From the foregoing, it will be understood that in the
arrangement of FIG. 4 the application of the braking
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Recall that, when the braking thyristor 20 (see FIG.
1) has been first fired and the induced voltage across the
induction motor 10 has sufficiently decayed, the voltage
illustrated :by the hatched portion of waveform h in
FIG. 3 1s not applied across the induction motor 10 and
an abnormally high current does not flow through the
motor 10. However, even if the thyristor 20 would have
been first fired, the induced voltage across the induction
motor coule have decayed insufficiently thus permitting
the flow of an abnormally high current through the
motor provided that the control signal V; is applied
across the DC braking control terminals at time point tg’
(see FIG. 3) during the negative half cycle of the source
voltage to fire the thyristor 20 through a firing angle
small as compared with the control signal V.

With the abovementioned case in mind, the present
invention also contemplates disabling the firing of the
braking thyristor 18 (which is differentially: supplied
with the source voltage and the induced voltage across
the induction motor) upon initiating the DC braking
control and during that half cycle of the source voltage
in which the DC braking control signal V3 is applied
across the input terminals B and C and in the next suc-
ceeding half cycle thereof and then firing the braking
thyristor 20 through a firing angle as determined by the
control signal V3 to cause the induced voltage across
the induction motor 10 to sufficiently decay. Thereafter
both thyristors 18 and 20 are alternately fired.

To this end, the form of the present invention just
described can be realized into a circuit configuration as
shown in FIG. 6 wherein like reference numerals desig-
nate components identical to or corresponding to those
shown in FIG. 4. The arrangement illustrated is differ-
ent from that shown in FIG. 4 only in the construction
of the circuit for determining the phase of the source
voltage at which the associated thyristors are Initially
fired. '

More specifically, the capacitor 34 is connected
across a first bistable multivibrator of conventional
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construction including a pair of NPN common emitter
transistors 120 and 122 connected to resistors 124, 126,
128, 130, 132 and 134, semiconductor diodes 136, 138
and 140 and capacitors 142 and 144 in the manner as
shown in FIG. 6. The cathode electrodes of the diodes
136 and 138 are connected together to form a reset input
at their junction and the diode 140 includes an anode
electrode forming a trigger input. The first bistable
multivibrator may be called hereinafter a bistable multi-
vibrator circuit L. |

The transistor 122 includes a collector electrode con-
nected to a capacitor 146 which is, in turn, connected to
the junction of resistors 148 and 150 serially intercon-
nected between the diode 32 and the negative terminal
of the rectifier bridge 22. The capacitor 146 and the
resistors 148 and 150 form a first differentiator for dif-
ferentiating the output from the bistable multivibrator,
or the voltage V¢ at the collector electrode of the
transistor 122 to produce a differentiated pulse across
the resistor 150. The first differentiator may be called
hereinafter a differentiated pulse generator circuit I.

The junction of the capacitor 146 and the resistor 150
is connected to the reset input to a second bistable mul-
tivibrator identical in circuit configuration to the first
- bistable multivibrator. The components of the second
bistable multivibrator are designated by the same refer-
ence numerals denoting the corresponding components
of the first bistable multivibrator with the suffix a. For
example, the transistors are designated by the reference
numerals 120z and 122a respectively., The second muiti-
vibrator may be called hereinafter a bistable multivibra-
tor II and forms a counter circuit with the bistable mul-
tivibrator I and the differentiated pulse generator cir-
- cuit L. -

The transistor 122a has a collector electrode con-
nected to a “NOR” element identical to the first
“NOR” element shown in FIG. 4 except for the omis-
sion of the resistor 92. Therefore like reference numer-
als have been employed to identify the components
identical to those shown in FIG. 4.

The transistor 96 includes a collector electrode con-

nected to a base electrode of an NPN common emitter
transistor 142 which has a collector electrode con-
nected to the diode 32 through a resistor 144 and also

4,151,453

10

15

20

25

12

The operation of the arrangement shown in FIG. 6
will now be described in conjunction with FIG. 7
wherein there are illustrated voltage waveforms devel-
oped at various points in the arrangement of FIG. 6. In
FIG. 7 the waveform a illustrates the source voltage
across the source terminals S and T (see FIG. 1) and at
time point toduring the negative half cycle of the source
voltage a DC braking control signal V5 with a negative
magnitude shown at waveform b is applied across the
input terminals B and C to put the induction motor 10
(see FIG. 1) into the DC braking control mode of oper-
ation. As in the arrangement of FIG. 4, the negative
control signal V3 is differentiated by the differentiated
pulse generator III to provide a positive derivative Vi3
of the signal as shown at waveform c. That derivative
V13 1s applied to the bistable multivibrators I and II to
set them so as to provide null vollages V¢ and Vg at
their outputs (see waveforms f and h, FIG. 7). -

Also at time point T, the NOR element has a half
wave rectified positive voltage V14 from the secondary
winding of the transformer 58 applied to one input
thereto (see waveform d, FIG. 7) and therefore pro-
vides a null voltage V9 at the collector electrode of the
transistor 96 (see waveform i, FIG. 7). The positive
voltage V4 is developed during each negative half
cycle of the source voltage as in the arrangement of
FIG. 4. Thus the transistor 114 is in its non-conducting

. state in which the phase control capacitor 42 is not
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connected to a capacitor 146. The other terminal of 45

capacitor 146 is connected to the junction of resistors
148 and 150. The resistor 148 is connected to the resrt
input of the bistable multivibrator I while the resistor
150 is connected to the negative rectifier terminal.
The DC braking control terminals B’ and C’ are con-
nected across a third differentiator identical to that
shown in FIG. 4. Therefore its components are desig-
nated by like reference numerals denoting the corre-
sponding components of the differentiated pulse genera-
tor circuit B shown in FIG. 4. However, it 1s noted that
the resistor 108 is connected to the diodes 140 and 140
of the bistrable multivibrators I and II to supply a trig-
ger pulse thereto. This third differentiator may called
hereinafter a differentiated pulse generation circuit III.
The transistor 96 in the “NOR?” element has a collec-
tor electrode connected to the circuit for shortcircuit-
ing the phase control capacitor 42. The latter circuit
includes an NPN common emitter transistor 114 and a
resistor 116 interconnected in the same manner as above

described in conjunction with the NOR circuit B shown'

in FIG. 4.

In other respects, the arrangemént is identical to that

shown 1n FIG. 4.
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shortcircuited. This results in the generation of a saw-
toothed wave Vg across the capacitor 42 as shown at
waveform j in FIG. 7 and hence of a pulse V31 across
the primary winding of the transformer 46 as shown at
waveform k in FIG. 7.

When time point t; is reached and the next succeeding
positive half cycle of the source voltage begins, the
positive voltage V14 becomes null. This cause the nuil
voltage V14 to be applied to the one input to the NOR
element and also the output Vi3 from the bistable multi-
vibrator II i1s maintained null. Thus the NOR element
has its output V9 changed from its null to its positive
magnitude (see waveform i, FIG. 7). That positive out-
put Vigis delivered to the differentiated pulse generator
circuit II where a negative differentiated pulse Vs is
generated as shown at waveform e in FIG. 7. That
negative pulse Vs is applied to the reset input to the
bistable multivibrator I to reset it to change the output
V16 therefrom its null to its positive magnitude (see
waveform f, FIG. 7). The differentiated pulse generator
circuit I differentiates the positive output V6 to deliver
a positive differentiated pulse Vi1 (see waveform g,
FI1G. 7) to the bistable multivibrator II. However the
positive pulse V7 is disabled to trigger the state of the
multivibrator II because it is blocked by the diodes 136«
and 138a.

Therefore the output Vg from the multivibrator II is
maintained null (see waveform h, FIG. 7) and that null
voltage is delivered to differentiated pulse generator
circuit II.

As a result, the “NOR” element has both inputs at a
null voltage and produces a positive output V9 during
the positive half cycle of the source voltage between
time points t; and t3. This positive half cycle of the
source voltage directly follows that negative half cycle
thereof having the control signal V; applied across the
input terminals-B and C. The positive output V9 from
the “NOR” element shortcircuits the phase control
capacitor 42 with the result that no pulse is developed
across the primary winding of the pulse transformer 46.
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~In the next succeeding negative half cycle of the
source voltage between time points t; and t3, however,
the NOR element has a positive voltage V4 applied to
the one input of the resistor 94 (see waveform d, FIG.7)
and accordingly applies a null output V9to the transis-
tor 114 in the shortcircuiting circuit. This results in the
release of the phase control capacitor 42 from ground.
Accordingly, the primary winding of the pulse trans-
former 46 produces a pulse V3 between time points t;
and t3 (see waveform k, FIG. 7) as in the negative half
cycle of the source voltage between time points ty and
t, | R )
- From waveforms d, e and i shown in FIG. 7 it is seen
that at time point t; where the negative half cycle of the
source voltage ends, the differentiated pulse generator
circuit II generates a negative differentiated pulse Vis
because the NOR element has the one input at a null
voltage V4. The negative differentiated pulse Vis is
applied to the bistable multivibrator I. That is, that pulse
passes through diodes 136 and 138 to trigger the transis-
tors 120 and 122 to change the output V6 from its posi-
tive to its null magnitude (see waveform f, FIG. 7). This
results in the differentiated pulse generator circuit I
generating a negative differentiated pulse V7 as shown
at waveform g in FIG. 7. That negative pulse V7 is
applied to the bistable multivibrator II after having
passed through the diodes 136a and 1382, whereupon
the output Vg from the multivibrator II changes from
it$ null to its positive magnitude (see waveform h, FIG.

As shown at waveforms b and h in FIG. 7, the output
V13 from the bistrable multivibrator II is maintained
positive at and after time point t3 as long as the control
signal V3 is present across the input terminals B and C.
This is, the output Vg from the multivibrator II does
not change. Under these circumstances, the “NOR”
element always delivers a null output V9 (see wave-
form i, FIG. 3) to the shortcircuiting transistor 114
whereby the phase control capacitor 42 is released from
ground. As a result, the primary winding of the pulse
transformer 46 produces pulses V3; at a phase relative
to the source voltage determined by the control signals
V2 one for each half cycle of the source voltage to fire
alternately the thyristors 18 and 20 (see FIG. 1) as in the
arrangement of FIG. 4. o

If the control signal V; is applied to across the input
terminals B and C at time point ty’ in a positive half
cycle of the source voltage then, the waveforms except
for waveforms a, d, j and k are changed to substantially
as shown in dotted lines in FIG. 7. More specifically,
the differentiated pulse generator circuit III responds to
the control signal V3 to produce a positive differenti-
ated pulse V3 (see dotted line waveform c, FIG. 7)
which, in turn sets the outputs Vi6 and Vi3 from the
bistable multivibrators I and II to the null magnitude.
Also the “NOR?” element has a null voltage V4 at the
one input and therefore delivers a positive output Vigto
the transistor 114 (see waveform d and dotted line
waveform 1, FIG. 7). Thus the phase control capacitor
42 1s shortcircuited by the now conducting transistor
114 through the resistor 116 thereby producing no pulse
from the primary winding of the pulse transformer 46
between time points to' and t;.

- Also at time point to’ the other input Vigto the NOR
element is triggered from its positive to its null magni-
tude (see dotted Iine waveform h, FIG. 7) and the one
input V4 thereto is maintained null. This causes the
differentiated pulse generator circuit II to produce a
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fnegativel di,fferénfi_ated pulse V5 (see dotted line wave-

form e, FIG. 7). That pulse Vs triggers the output V4
from the bistable multivibrator I from its null to its
positive magnitudée as shown in the dotted line wave-
form f in FIG. 7.-This results in the differentiated pulse
generator circuit I generating a positive differentiated
pulse V7 (see dotted line waveform g, FIG. 3). How-
ever, the output Vg from the bistable multivibrator II
rematns null (see dotted line waveform h, FIG. 7).
After time point t;, the arrangement of FIG. 6 repe-
ates the process as above described in conjunction with
the application of the control signal V; at time point t.
From the forégoing it is seen that, in the arrangement
of FIG. 6, the application of a control signal thereto at
any phase of the source voltage inhibits the firing of the
braking thyristor 18 or that braking thyristor differen-
tially supplied with the source voltage and the induced
voltage across the .controlled induction motor upon
initiating the DC Braking control during that half cycle
of the source voltage in which the control signal was
applied to the afrangement and also during the next
succeeding half cycle.
- Therefore the present invention is effective for sup-
pressing the abnormal DC control torque produced by
an induction motor under the influence of an induced
voltage thereacross, to a magnitude which is nearly
Zero. o |
While the present invention has been illustrated and
described in conjuriction with a few preferred embodi-
ments thereof it is to be understood that numerous
changes and modifications may resorted to without
departing from the spirit and scope of the present inven-
tion. For example, the present invention is equally ap-
plicable to DC control using rectifier bridges, indirect
DC control including the control of the particular AC
voltage and the rectification of the controlled AC volt-
age etc. -
What we claim is: -
1. An induction motor control system comprising:
an AC voltage source for producing an AC voltage;
an induction motor; |
a rectifier circuit-means connected between said AC
voltage source and said induction motor, including
at least two unidirectional braking thyristors, each
of said thyristors-having associated therewith one
half cycle of said AC voltage, for applying a DC
voltage to said induction motor and controlling the
DC braking torque produced by said induction
motor; | |
a gate pulse generator circuit having a DC braking
control signal applied thereto, connected to said
rectifier circuit means and said AC voltage source,
including a firing circuit connected to said braking
thyristors for firing said braking thyristors, for
firing a predetermined one of said braking thy-
ristors during the next succeeding half cycle of said
AC voltage associated with said predetermined
one of said braking thyristors following the appli-
cation of said DC braking control signal and there-
after for firing each of said braking thyristors dur-
Ing the associated half cycle of said AC voltage.
2. An induction motor control system as claimed in
claim 1 wherein: said firing circuit comprises a phase
control capacitor, a pulse transformer having a primary
winding electrically connected across said phase con-
trol capacitor and secondary windings electrically con-
nected to said respective braking thyristors and a
charge control means for charging said phase control
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capamtor durmg the application of said DC brakmg_

control signal and for discharging said phase control

capacitor through said primary winding of said pulse

transformer ‘when -the charge -on said phase control
capacitor reaches a predetermined level; and wherein
said gate pulse generation circuit means further com-
prlses a first differentiator responsive to the zero cross-

ings of said AC voltage for generating positive differen-

tiated pulses in response to the negative going zero
crossings and negative differentiated pulses in response
to the positive going zero crossings, a.bistable multivi-
brator connected to said primary winding of said pulse
transistor and said first differentiator, for producing a
posttive output upon discharge of said phase control
capacitor, and for producing a null output upon produc-
tion of a positive differentiated pulse by said first differ-

entiator, an inverting half wave rectifier circuit con-

nected to said AC voltage source for producing a posi-
tive pulse during the negative half cycle of said AC
voltage and a null output during the positive half cycle
of said AC voltage, a first “NOR” element connected to
said bistable multivibrator and said inverting half wave
rectifier circuit for producing a positive output only
- when said bistable multivibrator and said inverting half
~wave rectifier circuit each produce a null output, a
second “NOR?” element connected to said first “NOR”
element, said inverting half wave rectifier circuit and
said phase control capacitor, including a unidirectional
thyristor having an anode electrode connected to said
inverting half wave rectifier circuit whereby said unidi-
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rectional thyristor is inhibited from conducting during

the positive half cycle of said AC voltage and a transis-
tor having a base electrode connected to said first

“NOR” element and the cathode electrode of said uni-.

“directional thyristor, for discharging said phase control
capacitor when either said first “NOR” element pro-

duces a positive output or said unidirectional thyristor is.

in a conducting state, and a second differentiator con-
nected to the gate electrode of said unidirectional thy-
ristor having said DC braking control signal applied
thereto for producing a positive differentiated pulse
upon application of said DC braking control s:gnal for
firing said unidirectional thyristor. .

3. An induction motor control system as clalmed in
claim 1, wherein said charge control means comprises
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voltage of application of said DC braking control
signal and the next succeeding half cycle of said
- AC voltage and thereafter for firing each of said
braking thyristors during the associated half cycle

of said AC voltage. | -
5. An induction motor control system as claimed in
claim 4 wherein said firing circuit comprises a phase
control capacitor, a pulse transformer having a primary

winding electrically connected across said phase con-

trol capacitor and secondary windings connected to
said respective braking thyristors and a charge control
means for charging said phase control capacitor during
the application of said DC braking control signal and
for discharging said phase control capacitor through
said primary winding of said pulse transformer when
the charge on said phase control capacitor reaches a
predetermined level, and wherein said gate pulse gener-
ation circuit further comprises a first bistable multivi-
brator circuit having first and second input terminals for
producing a null output upon application of a positive
pulse to said first input terminal and for producing a
positive output upon application of a negative pulse to
said second input terminal, a first differentiator con-
nected to said first bistable multivibrator circuit for
producing-a positive pulse in response to a rise in the
output of said first bistable multivibrator circuit and for

producing a negative pulse in response to a fall in the

output of satd first bistable multivibrator circuit, a sec-
ond bistable multivibrator circuit having a first input
terminal and a second input terminal connected to said
first differentiator for producing a null output upon
application of a positive pulse to said first input terminal
and for producing a positive output upon application of
a negative pulse to said second input terminal, an invert-
ing half wave rectifier circuit connected to said AC
voltage source for producing a positive pulse during the
negative half cycle of said AC voltage and a null output
during the positive half cycle of said AC voltage, a
“NOR” element connected to said second bistable mul-
tivibrator circuit and said inverting half wave rectifier

- circuit for producing a positive output onl when said
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means for charging said phase control capacitor at a

rate dependent upon the magnitude of sald DC braklng

control signal. - |

- 4. An induction motor control system compnsmg
_an AC voltage source for producmg an AC voltage;
an induction motor; .
a rectifier circuit means connected between sald AC

50

.voltage source and said induction motor, including
at least two unidirectional braking thyristors, each

of said braking thyristors having associated there-
with one half cycle of said AC voltage, for apply-
ing a DC voltage to said induction motor and con-
trolling the DC braking torque produced by said
induction motor;
a gate pulse generator circuit havmg a DC braking
control signal applied thereto, connected to said
rectifier circuit means and said AC voltage source,
including a firing circuit connected to said braking
thyristors for firing said braking thynstors, for.
inhibiting the firing of a predetermined one of said
braking thyristors during the half cycle of said AC

55

second bistable multivibrator circuit and said inverting
half wave rectifier circuit each produce a null output, a
second differentiator connected to said “NOR” element
and having an output connected to said second input
terminal of said first bistable multivibrator circuit for
producing a positive pulse in response to a fall in the
output of said “NOR” element and for producing a
negative pulse in response to a rise in the output of said
“NOR” element, a discharging circuit connectted to
said “NOR” element and said phase control capacitor
for discharging said phase control capacitor when said
“NOR?” element produces a positive output and a third
differentiator having said DC braking control signal
applied thereto and having an output connected to said

. first mput terminals of said first and second bistable
‘multivibrator circuits for producing a positive pulse

65

upon application of said DC braking control signal.

6. An induction motor control system as claimed in
claim 4 wherein upon firing said predetermined one of
said braking thyristors a DC braking voltage is induced
across said induction motor and said AC voltage and
said DC braking voltage are differentially applied
across the anode electrode and the cathode electrode of

said predetermined one of said braking thyristors.
| x % %k 0 %
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